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INTRODUCTION

T

The characteristic behavior of the acoustic emission during thermoelastic phase transforma-
tions in Au-Cd alloys has previously been reported (1-3). The estimated energy of the acoustic
energy was found to be approximately one order of magnitude larger during the phase transforma-
tion on heating than on cooling. WNo attention has been paid, so far, as to the source of the
acoustic activity during martensitic phase transformations. However, it is generally accepted
that the rapid release of energy within a material generates transient elastic waves of a cer-
tain amplitude and frequency content. This acoustic emission is related to the intrinsic
mechanism of the martensitic transformation.,

Martensite formation occurs by a diffusionless shear mechanism involving the cooperative
movement of a large number of atoms accompanied by a release of elastic strain energy. The
thermoelastic martensite is typically athermal, where the amount of martensite depends on the
formation temperature during cooling. Upon heating, the reverse transformation occurs by the
backward movement of the martensitic interfaces, thus annihilating the elastic shape strains
introduced during the forward transformation on cooling. The almost perfectly reversible
mechanism, characterizing the thermoelastic martensitic transformation (4,5) is paradoxically
accompanied by a high asymmetric acoustic energy balance (1-3).

The objective of this paper is to present experimental evidence concerning the acoustic
"energy evolved during the heating and cooling phase changes in Au-47.5 at.% Cd polycrystals.
The results are examined from the point of view of the stored elastic strain energy during the
martensite formation, and the frictional work that is dissipated by the movement of martensite
interfaces in either direction, upon heating and cooling (6-8).

EXPERIMENTAL PROCEDURE AND RESULTS

Polycrystalline specimens of Au-47.5 at.? Cd alloy were heated and cooled through the trans-
formation temperature range, from 10°C up to 120°C and back, at controlled heating and cooling
rates. A quartz rod was used as a waveguide, and coupled to a PZT transducer with a resomant
frequency in the 150-300 kHz range. The experimental procedure was described elsewhere (3).
Filtered signals, preamplified at a constant gain of 40 dB, were fed into an amplitude detector
that characterizes the acoustic emission signals according to their peak-amplitude. Amplitude
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distribution, with 1 4B resolution, was then performed by a Distribution Analyzer giving a
definite voltage for each channel, The amplitude distribution was chart-recorded.

The correlation between the peak amplitude of the signals and the energy release at the
transducer face was established by letting hardened steel balls of different mass m fall onto
the quartz rod and the transducer face from different heights h. The square of the recorded
peak voltage and the potential energy (E = mgh) were found to be linearly related as

E = (1.80 + 0.20) x 1070 v?

where E and V is given in joules and volts, respectively.

The overall acoustic energy associated with the phase transformation in either direction,
EAE, may then be evaluated by summing up the number of pulses counted in each channel, nj,
weighted by the squared voltage V corresponding to each channel in the Distribution Analyzer.

oSt
E,_ = 1.80 x 10 niV;  (joules)
AR i

Typical amplitude distributions are shown in Fig. 1.

The amplitude threshold was set to 15 dB in order to eliminate spurious and very low ampli-
tude signals.

Several runs were performed, at similar and different heating and cooling rates (between
0.5 ¢/min to 4.5 ¢/min) with specimens of various volumes (from 1/1500 to 1/550 molar volume).

The noteworthy result of the present series of experiments is the constant energy per mole
value obtained when the difference of the acoustic energy during heating and cooling was calcu-
lated, namely

EAE(reverse) - EAE(forward) = 500 + 40 Joule mole~l

It should be emphasized, in this context, that the reverse transformation considered (during
heating) was always preceded by the forward transformation. The difference between the energies
of the reverse and forward transformations remained constant in six different runs, and for
samples of various dimensions,

Figure 1 shows that both the forward and reverse transformations generate acoustic signals
with peak amplitudes in the 10-20 dB range, while the reverse transformation, on heating,
exhibits a supplementary active peak at 32 dB.

DISCUSSION

The constant excess acoustic energy during the reverse thermoelastic phase transformation
in Au-47.5 at.Z Cd appears to be the configurational elastic strain enmergy stored in the speci-
men during the forward martensitic reaction. This stored energy is released during the heating
semicycle, upon the reverse transformation, in the form of scattered acoustic waves that can
be detected as acoustic emission.

The thermoelastic free-energy balance (7,8)

A-=+M -
AG - NAG, = W (1)



where AG are the chemical (ch) and elastic (el) strain free-energy changes, referred to the
martensitic phase (M), and Wg¢ is the frictional work that is dissipated during the growth of
the parent (A) - martensitic (M) interfaces in the Au=-Cd polycrystal. This frictional work
has been shown to be dependent on the grain size (6), and is not evolved in single crystal
(single interface) samples (9).

Assuming that no additional obstacles to the moving interfaces are introduced during the
growth, or shrinkage, of the parent-martensite interfaces, the frictional energy (Wg¢) must be
identical for both transformation directions. This frictional energy is apparently a source for
acoustic emission, and the only one for the forward transformation,; since the configurational
elastic energy is stored in the martensitic phase. Therefore:

EAE(forward) = Wf (2)

During the transverse transformation, on heating, the detected acoustic emission energy
is due to both the frictional energy (Wg) of the shrinking interfaces, and to the released
configurational elastic stored energy (ABconf). Thus:

EAE(reverse) = AHconf + W (3)

where the value of AH.onf should depend on the specific crystallographic features of the trans-
formation,

For the thermoelastic martensitic transformation in Au-47.5% at.% Cd with B2 = orthorhombic
phase changes, the present investigation led to the conclusion that

AH EAE(reverse) - EAE(forward) = 500 + Joule/mole.

conf

This experimental value for the elastic stored energy is in fair agreement with reported
values of 770 Joule'mole™! (10) and 370 Joule'mole~! (11) for Au-47.5% at.? Cd, and with the
estimated non-chemical free energy for Fe-C alloys, ranging from 200 to 1600 Joule mole”™d (12).

As stated before, the frictional energy (Wg) is dissipated during the growth and shrinkage
of the parent-martensite interfaces. The acoustic energy generated during the cooling semi-
cycle is assumed to be due entirely to Wg. Resistance to interfacial motion has been found to
increase with the interfacial velocity (13). The present investigation revealed this trend.
Three runs performed on the same specimen at different cooling rates, yielded acoustic energies

that were found to be directly proportional to the cooling rates (Table 1).

Further experiments are in progress in order to determine the effect of cooling rate,
grain-size and composition on the generated acoustic energy.

TABLE 1.

Acoustic Energies vs. Cooling Rates.

Cooling rate (c/min): 1.25 1.85 4.25

Acoustic energy (Joule/mole): 14.7 34.5 121.4
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FIG 1.

Amplitude distribution during forward (2°C/min cooling rate) and reverse
(19C/min heating rate) transformations. (Notice the ordinate scale change.)
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